ABSTRACT -RAPD molecular markers were used to analyze genetic diversity between
INTRODUCTION
The foundation of hybrid development in a corn breeding program consists in obtaining lines and evaluating their combination ability. Choosing suitable lines is essential for the success of the breeding program. In addition, breeding programs demand considerable time and resources, and the pressure for quick development of commercial hybrids encourages the search for alternatives that could be efficient in the short term.
Genetic divergence evaluation is frequently used by corn breeders as an alternative method for germoplasm selection. The aim of this method is to select more promising materials and to decrease expenditures and the time required to implement several hybrid combinations, which are sometimes unnecessary. Efforts are therefore focused on more promising combinations, that is, those between more divergent materials (Fuzzato et al. 2002) .
The development of molecular biology techniques allowed genetic divergence to be evaluated by means of molecular markers. The advantage of this procedure is that a large number of markers can be obtained, which allows genetic variability to be sampled in a more efficient way, and consequently to obtain a more precise estimate of genetic divergence (Williams et al. 1990) .
Such estimate can be obtained based on a large amount of information on the genetic diversity of the DC Bruel et al. genotypes available for the breeder. In general, these data are obtained in the form of a matrix consisting of a certain number of genotypes, which could be either cultivars or lines, genotyped by a few tens or hundreds of markers (Pejic et al. 1998) .
Among the markers used today, RAPD (Random Amplified Polymorphic DNA) have been the most utilized, since these are the most technically accessible markers and because of their lower cost. Another essential characteristic of RAPD markers is the fact that they behave as dominant genetic markers, even though dominance in this case does not refer to the classic concept of interaction between alleles of the same locus, but merely to a standpoint of the relative interpretation between the genotype and phenotype of an individual (Ferreira and Grattapaglia 1998) .
One aspect that should be taken into account is that, from a genetic breeding standpoint, the greater the capacity of molecular markers in predicting the behavior of crosses, when evaluated in field experiments, the more useful they are. This will occur whenever an association is verified between loci that control molecular traits and controllers of morpho-agronomic traits. Lanza et al. (1997) verified, from their research results, that RAPD can be used as an alternative to determine genetic divergence between corn lines, separating them into different heterotic groups, and to aid in selecting superior crosses, thus reducing the number of crosses required in field evaluations.
Among the associations between different estimates-general and specific combining ability, productivity, heterosis, and genetic divergence measuresthe correlation between different methods for evaluating genetic divergence has been studied by some researchers, Ferreira et al. (1995) , stated that heterosis and the combining ability of parents depend directly on the genetic divergence that exists between them, and that the chance of finding promising combinations is better when more divergent materials are used. The same work shows that when compared with diallelic cross results, the techniques for evaluating genetic divergence demonstrate that most crosses between cultivars that would be used as parents might be unnecessary, due to the low divergence that exists between some of these crosses, resulting in not very productive hybrids.
Therefore, the objective of this study was to analyze genetic diversity between 16 corn lines by means of RAPD markers.
MATERIAL AND METHODS
Sixteen corn lines from the genetic breeding program of Instituto Agronômico do Paraná -IAPAR were used, belonging to five heterotic groups (Table 1) In order to extract the DNA, seeds of the 16 lines were placed to germinate in paper towel. After approximately 15 days, each line was represented by a bulk consisting of young leaves emitted by three individuals. The leaves were removed and macerated together after being frozen in liquid nitrogen, and then Twenty-two pre-selected decanucleotide primers acquired from "Operon Technologies" -California, USA, were used in the RAPD reactions.
During gel evaluation, a similarity matrix was constructed where each band was treated as a single character and its presence in an individual was designated as 1 (one) and its absence in another individual was designated by 0 (zero). This matrix was used to produce genetic distances between the pairs of cultivars; these distances were estimated between all possible pairs. The NTSYS-pc software (Numerical Taxonomy and Multivariate Analysis for Personal Computers), version 2.1 (Rohlf 2000) was used to evaluate the genetic associations between samples. Pairwise comparisons were made between genotypes based on Jaccard similarity coefficient. The genetic similarity estimate (GS) between each pair of genotypes was calculated using the expression GS=a/(nd), where a=number of positive coincidences, n=total number of fragments and d=number of negative coincidences. The genetic distances (GD) between the pairs of lines were estimated by GD=1 -GS.
The simplified representation of distances was done using a dendrogram obtained by the agglomerative hierarchical unweighted pair-group method using arithmetic averages (UPGMA) (Sneath and Sokal 1973) and by the scattering of corn lines in a bidimensional graph using the first two principal coordinates. The bootstrap procedure was applied to calculate variance of the genetic similarities obtained from the markers and thus to verify the consistency of the obtained dendrogram. The variance coefficient was obtained from 1,000 bootstrap random draws using the DBOOT software program, version 1.1 (Coelho 2001) .
RESULTS AND DISCUSSION
In this study, 22 primers were used, producing a total of 265 amplified fragments -bands (Table 2) , with an average of 12.05 bands per primer. Of these, 237 were polymorphic (10.77 bands per primer) and 28 were monomorphic (1.27 bands per primer). The number of polymorphic bands varied from 3 for the OPAR-11 primer up to 18 for the OPAR-05 primer. An example of the electrophoretic pattern of RAPD fragments, amplified from the OPP-14 and OPAV-19 primers is presented in Figure 1 .
The level of polymorphism (84.44%) obtained was higher than in some reports found in the literature, such as Melo et al. (2001) , who obtained 61.46% of polymorphic bands working with corn hybrids. Lanza et al. (1997) obtained transferred to a 1.5 ml vial at the proportion of 1/3 of the vial's capacity. The extraction method used was based on the protocol described by Ferreira and Grattapaglia (1998) , with slight alterations. For each extraction, 700 ml of extraction buffer were used, consisting of 2% CTAB, 1.4 M NaCl, 20 mM EDTA, 100 mM Tris-HCl pH 8.0, 1%PVP (polyvinylpyrrolidone), in addition to 0.2% b-mercaptoethanol added to the buffer in the beginning of extraction. The samples were incubated at 65 ºC for 60 minutes, with later centrifugation at 6,000 rpm for 10 minutes; the aqueous phase was transferred to another vial and the first extraction was performed with organic solvent by adding 700 ml of chloroform-isoamyl alcohol (24:1) and then agitating the vials (by inversion) for 5 minutes in order to obtain a homogeneous emulsion. These vials were centrifuged at 6,000 rpm for 15 minutes and again the aqueous phase was transferred to another vial, and extraction was again performed with organic solvent. The DNA was precipitated by adding 360 ml of ice-cold isopropanol (-20 ºC) to the aqueous phase from the second extraction. The vials were gently inverted to precipitate the nucleic acids and a new centrifugation followed (12,000 rpm for 10 minutes). The supernatant was discarded and the pellet was washed twice with 500 ml of 70% ethanol. The DNA (pellet) was then resuspended in 50 ml TE (10 mM Tris-HCl pH8.0 and 1mM EDTA) containing 10 mg/ml RNAse, and left overnight in the refrigerator for complete DNA dissolution. After DNA extraction, quantification was performed in a fluorometer and the samples were diluted to a final concentration of 10 ng/ml for amplification.
The amplification reactions were conducted in a final volume of 15ml, containing 1× buffer (75 mM Tris-HCl pH 9.0, 50 mM KCl, and 2.0 mM (NH 4 ) 2 SO 4 ), 0.1 mM of each dNTP, 0.5 mM of primer, 0.7 unit of Taq DNA polymerase (Biotools), and 20 ng DNA, and ultra-pure water to complete the volume. The amplifications were performed in a model PT-100 thermocycler, programmed to an initial stage of 3 minutes at 94 ºC, 47 1-minute cycles at 94 ºC, 1.45 minutes at 38 ºC, 2 minutes at 72 ºC, and a final stage of 6 minutes at 72 ºC.
After amplification, the total volume was inserted into agarose gel (1.2%), stained with ethidium bromide (0.5 mg mL -1 ). The amplified fragments were separated by electrophoresis in TAE buffer (0.04M tris-acetate and 0.01M EDTA pH 7.5) at 100 volts for 3 hours. After the run, the amplification products were visualized in ultraviolet light and the gel images were transferred to a microcomputer for analyses. Figure 3 presents the cluster for cultivars, according to the UPGMA clustering method, which groups cultivars by means of a dendrogram. The 16 lines were separated into five distinct groups, which were in agreement with the heterotic patterns described by Iapar, based on the genealogy of the lines (Table 1) . Figure 4 shows the projection of genetic distances between the 16 corn lines in a bi-dimensional plane, which also showed an association of the 16 lines in five groups, in agreement with the results observed in the dendrogram. Lanza et al. (1997) described that RAPD markers are useful to establish consistent heterotic groups between corn lines. This statement agrees with the results obtained in this study, where the same markers were efficient to separate the 16 lines into 5 heterotic groups, confirming the previous separation of those lines according to their genealogy. 80.6% of polymorphism studying genetic divergence between corn lines using RAPD markers. It is important to consider that the level of polymorphism to be obtained depends on the degree of divergence between the genotypes under study. Another aspect to be considered is that, in this study, the primers used were rigorously pre-selected, taking into account the number and quality of the amplification products, and this may have contributed to increase polymorphism. The 237 polymorphic bands used can be considered more than sufficient for an adequate evaluation of genetic divergence. According to Figure 2 , and based on the bootstrap method, it can be observed that starting at approximately 130 bands, the coefficient of variation for the genetic distances (8.3%) between genotypes becomes stabilized, indicating that 130 randomly-sampled bands would produce the same cluster obtained with the 265 bands used in this study.
Primer
Based on the 237 polymorphic bands obtained, a genetic distance matrix was constructed using the complement of Jaccard's similarity coefficient, listing all corn line pairs. The mean genetic distance for the 120 distances obtained was 0.507, with an amplitude Assessment of genetic diversity in maize inbred lines using RAPD markers 
